[1] We report first comparisons of stratospheric column abundances of hydrogen chloride (HCl) and chlorine nitrate (ClONO 2 ) derived from infrared solar spectra recorded in 2004 at selected northern latitudes by the spaceborne Atmospheric Chemistry Experiment-Fourier Transform Spectrometer (ACE-FTS) and by Fourier transform infrared (FTIR) instruments at the NDSC (Network for Detection of Stratospheric Change)-affiliated sites of Thule (Greenland), Kiruna (Sweden), Jungfraujoch (Switzerland), and Egbert and Toronto (Canada). Overall, and within the respective uncertainties of the independent measurement approaches, the comparisons show that the ACE-FTS measurements produce very good stratospheric volume mixing ratio profiles. Their internal precision allows to identify characteristic distribution features associated with latitudinal, dynamical, seasonal and chemical changes occurring in the atmosphere. Citation: Mahieu, E., et al. (2005) ,
Introduction
[2] The investigation of the Earth's atmosphere from space in 1985 by the ATMOS (Atmospheric Trace MOlecule Spectroscopy) high-resolution FTIR spectrometer was a pioneering milestone towards global studies of atmospheric gases [Farmer, 1987] . Operated in solar occultation mode on the Space Shuttle, ATMOS returned profiles of more than 30 species through the free troposphere and the stratosphere, including key species of the nitrogen-, chlorine-, and fluorine families [Russell et al., 1988; Zander et al., 1992] . The subsequent ATMOS missions in 1992, 1993 and 1994 allowed further studies of atmospheric variability and decadal changes [e.g., Gunson et al., 1996; Irion et al., 2002] . Within the framework of the chlorine family study, it became clear that HCl and ClONO 2 are the main gases contributing to the inorganic chlorine loading in the stratosphere [Zander et al., 1992 [Zander et al., , 1996 . Ten years later, the ACE-FTS instrument (abbreviated hereafter as ACE), which was successfully launched on 12 August 2003, is building on this heritage [Bernath et al., 2005] . With a nominal 2-year lifetime, ACE has the capability to produce a much larger, more consistent set of global observations. The ACE Version 1.0 (V1) data derived so far from observations performed since February 2004 corroborate this capability.
[3] The aim of this work is to evaluate the performance of ACE in measuring HCl and ClONO 2 volume mixing ratio (vmr) profiles throughout the stratosphere. It is based on comparisons of integrated burdens of these gases above 15 km altitude derived from selected ACE occultations and from solar observations at 5 groundbased, NDSC-affiliated sites located in the northern hemisphere. All analyses are based on HCl (1-0)-band transitions near 3mm and on the n 4 -band Q branch of ClONO 2 at 780.22 cm
À1
, using spectroscopic parameters GEOPHYSICAL RESEARCH LETTERS, VOL. 32, L15S08, doi:10.1029 /2005GL022396, 2005 Copyright 2005 
Observational Data Sets Involved
[4] The ACE mission has been in its science operational mode since February 2004. The present investigation was restricted to partial column abundances above 15 km to ensure that only stratospheric air was sampled and that a large number of occultations with altitude coverage down to that level could be evaluated reliably for both gases. We have focused on all ACE-V1 sunsets located in 3 latitudinal zones encompassing the NDSC sites listed in Table 1 .
[5] Table 2 gives details on the periods during which ACE occultations occurred in each selected zone and their numbers for each target gas. The adoption of 5-degree wide zones at higher latitudes was motivated by the fact that variability is generally larger in polar regions as compared to middle latitudes.
[6] The overall characteristics of the ACE retrieved vmr profiles for HCl and ClONO 2 during March 2004 is exemplified in Figure 1 . The error bars include both retrieval uncertainties as well as contributions resulting from longitudinal inhomogeneities that occur in any zonal band. These mean zonal profiles are consistent with expectations [e.g., Zander et al., 1996, Figure 1 ] in terms of the peak concentrations and altitude locations for ClONO 2 and the overall height distributions for HCl. The latter show features in the 30 -45 km altitude range reflecting an increased winter contribution of ClO to the inorganic chlorine loading at higher latitudes [Michelsen et al., 1996] , and demonstrate the good relative sensitivity of the ACE observations. The ground-based data consist of daily mean column abundances of HCl and ClONO 2 derived from solar spectra recorded at the participating sites and analyzed with retrieval codes allowing to produce total and partial column abundances of both species. Retrieval codes include SFIT1 (for Egbert) SFIT2 (for Thule, Jungfraujoch and Toronto) and PROFFIT (for Kiruna), which have been described previously [e.g., Rinsland et al., 2003; Hase et al., 2004] . While SFIT2 and PROFFIT allow the retrieval of information on vertical distributions of gases, SFIT1 only scales a priori profiles by single multiplicative factors over the entire atmosphere. Partial columns derived with SFT1 therefore, may be less representative of the current state of the atmosphere. The column-averaging kernels for HCl and ClONO 2 show poor sensitivity in the troposphere [Rinsland et al., 2003] ; this is an additional argument for restricting comparisons with ACE to partial columns above 15 km. The a priori stratospheric distribution profiles of HCl adopted at most sites result from over a decade-long monitoring of that gas by HALOE (Halogen Occultation Experiment [see Russell et al., 1996] ). McHugh et al. [2005] have shown that the ACE mean upper stratospheric concentrations of HCl are systematically larger than the HALOE ones by 10 to 20%. However, Jungfraujoch tests with both HALOE and ACE profiles as a priori indicate that the retrieved partial columns of HCl differ by less than 2%, the values with ACE as a priori being the lowest.
Stratospheric Column Comparisons
[7] Figures 2 and 3 reproduce the 15 to 100 km partial column abundances, respectively, for HCl and for ClONO 2 , derived from ACE occultations that occurred between March and October 2004 in the 3 latitudinal zones centered on Thule (Figures 2A and 3A) , on Kiruna ( Figures 2B and  3B) , and on the Jungfraujoch, Egbert and Toronto sites (Frames C). We have focused here on same-day groundbased measurements with ACE occultations that occurred in these zones within 500 km longitude distance from the relevant site. ACE measurements were performed in the 5-degree wide latitudinal zone centered on Thule only during March 2004. Both HCl and ClONO 2 stratospheric columns (Figures 2A and 3A) show large scatter which results from strong vortex activity in the Arctic polar region during February and March 2004 (R. Ruhnke, Forschungszentrum Karlsruhe; private communication, 2004) . Observations were carried out regularly at Thule between 7 and 31 March 2004. Good coincidences occurred on 4 days for HCl and 5 days for ClONO 2 , with respectively, 6 and 7 ACE occultations meeting the ''same day, <500 km'' criterion. Related details are summarized in Table 3 and visualized in the inserts of Figures 2A and 3A . The largest differences among the ACE/Thule partial column ratios are 8% for HCl and 21% for ClONO 2 . These values are well within the estimated one-sigma partial column uncertainties for HCl The ACE data from March show a large dispersion in the columns (similar to that observed in the Thule zone), whose quantitative explanation will also require further local investigations in relation with the polar stratospheric vortex location. The ACE data from July cluster very nicely together, indicating little atmospheric perturbation in that latitudinal zone during summer time. The extremes in these clusters suggest that the ACE precision in retrieving partial columns is better than ±5% for HCl and ±18% for ClONO 2 at the one-sigma level. , thus within the combined uncertainty of both measurement approaches. At first glance, there is some inconsistency in the July ClONO 2 partial columns by ACE and at Kiruna, with the latter being lower with respect to ACE by some 75%. This difference, which is well outside of the combined (Table 2) , and relatively regular ground-based observations of HCl have been made throughout the year at Jungfraujoch, Egbert, and Toronto. As there are no ACE and ground-based observations meeting the ''same day, <500 km'' criteria, some more general considerations are made for this zone. When discarding the six highest ACE column measurements in March (observations through polar air having moved to middle latitudes over various longitudinal areas; R. Ruhnke, private communication, 2004) , there is reasonably good agreement with all nearest partial columns measured at the Jungfraujoch and some at Toronto. Notice that the apparent high outliers in the Toronto database have been checked for their proper spectral fitting, and that correlations with the HF tracer indicate that they resulted from intrusions of polar air above Toronto. The pairs of highest HCl partial columns observed by ACE in June and July occurred over Canada and are commensurate with measurements performed in Toronto and Egbert within a few days. Overall, the combined June and July measurements are in very good agreement at the 1-s level. Despite some noticeable scatter in the data points, the various datasets show a general decrease between March and August, which is characteristic of the mid-latitude seasonal variation of the HCl loading. Linear fits to the individual ACE, Jungfraujoch and Toronto datasets over that period (Egbert was discarded, as measurements only started in June 2004) return slopes, respectively equal to À1.61, À1.75, and À2.15 Â 10 12 molecules cm À2 d À1 , thus nearly parallel. Relative to ACE, the column differences for July 2004 are equal to À2.3% for the Jungfraujoch, and +6.3% for Toronto. These differences are also within the uncertainties of the individual datasets. Figure 3C displays the partial columns of ClONO 2 derived from ACE occultations and from observations at the Jungfraujoch. Except for one outlier at the end of March (which corresponds to occultation SS3366 that was sounding through a strong ClONO 2 -enriched polar air intrusion over Siberia on 28 March 2004; R. Ruhnke, private communication, 2004) , the 3 sets of ACE measurements are relatively compact. Linear fits to both ClONO 2 datasets indicate that, on average, the Jungfraujoch partial columns are 15% lower than the ACE ones. While remaining within the uncertainty of both measurement approaches, this difference deserves further consideration regarding consistency in retrieval input parameters.
Summary and Conclusions
[10] This initial evaluation of ACE-V1 measurements of HCl and ClONO 2 has demonstrated that the related spectral absorption features observed by ACE from space produce very good vmr profiles above 15 km altitude. The ACE measurement sensitivity has allowed the identification of characteristic distribution features associated with geographical, dynamical, seasonal, and chemical changes occurring in the atmosphere. When tight coincidence in time and location is achieved, very good agreement is found between ACE and ground-based loadings of HCl and ClONO 2 above 15 km altitude in restricted latitudinal zones of the Northern Hemisphere. In the present exercise, this has only been met on a few occasions around the Thule site. When relaxed coincidence criteria are applied, good agreement is generally achieved at northern mid-latitudes, although systematic differences between some data sets need to be given further consideration, especially with regard to possible local PV perturbations. 
